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© A refrigerant expansion valve (10) has a 
pressure-responsive diaphragm (74) forming a wall 
of a fluid filled chamber (90). The diaphragm (74) is 
connected to one end of an actuator rod (80) incor- 
porating a hollow with a closed end opposite and 
operative to move a valve member (24) for control- 
ling flow between an inlet (38) and outlet (14). The 
actuator member (80) has the hollow communicating 
with the fluid filled chamber (90) and its external 
surface exposed to return refrigerant flow. Fluid 
communications between the hollow of the actuator 
member (80) and the fluid filled chamber (90) is 
restricted by an orifice (94) in a plug (92) in the open 
end of the hollow (80) to dampen the effects of 
sudden temperature changes of the return flow over 
the hollow (80). Preferably, the actuator member 
(80), plug (92), and diaphragm (74) are commonly 
clamped, sealed, and welded together. 
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BACKGROUND OF THE INVENTION 

The present invention relates to expansion 
valves of the type employed for controlling flow of 
refrigerant fluid in air conditioning and refrigeration 
systems. Typically, in air conditioning systems, 
such as. those employed for automobile passenger 
compartment cooling an expansion valve throttles 
the flow of pressurized liquid refrigerant , at rela- 
tively high pressures from the condenser to provide 
relatively low pressure flow to an evaporator and 
return therefrom to the compressor. In particular, 
expansion valves employed for controlling flow of 
liquid refrigerant to an evaporator in an automotive 
air conditioning system are of the type known as a 
"block " valve, wherein the valve body or block has 
a separate return flow passage therethrough in 
which vaporized refrigerant discharged from the 
evaporator passes to permit temperature and pres- 
sure thermal sensing thereof for control purposes. 
* It is known, for example to provide an actuator 
rod for moving the expansion valve and to expose 
the rod to the refrigerant flowing in the return 
passage to the compressor for heat transfer there- 
between. It is also known to employ the heat trans- 
fer through the rod to provide a temperature signal 
which in turn operates a pressure-responsive 
means connected to the actuator rod for controlling 
the function of the expansion valve inresponse to 
changes in the temperature of the refrigerant dis- 
charging from the evaporator. It is also known to 
provide a fluid filled chamber having pressurized 
fluid therein which acts upon a diaphragm as the 
pressure-responsive means to move the valve ac- 
tuator rod control member; and, to having a portion 
of the rod filled with the pressurized fluid to there- 
by be in heat transfer relationship with the refriger- 
ant flowing through the return passage to the com- 
pressor inlet. 

.It is known to provide a refrigerant expansion 
valve which has a hollow tubular member 1 at- 
tached to a diaphragm 2 sensing the pressure in 
the fluid filled chamber formed by a capsule 3 
above the diaphragm with the hollow actuator rod 
extending through the compressor return passage 
and adapted for moving the control valve member. 
In valve constructions of this latter type, the hollow 
actuator rod may experience sudden changes in 
the refrigerant temperature being sensed, which 
results in a prompt change in the pressure in the 
fluid filled chamber which acts upon the dia- 
phragm. Sudden changes in pressure in the fluid 
■ filled chamber create a corresponding change in 
; the flow of the control valve, which can result in 
I overcbntrol or undesirable oscillations in refrigerant 
flow in the evaporator. There transients can result 
from engine speed changes, brief changes in con- 
: denser or evaporator fan speeds accumulated oil 



cascading in the evaporator or other causes. 

The time constant for this sensed temperature 
change, and resulting pressure change, is typically 
on the order of two seconds to achieve 63% of the 

s eventual change or asymptotic limit However in 
some systems, it has been found necessary to 
provide a longer time constant to prevent the sys- 
tem from responding to such transients. In systems 
requiring an extent ied-time response period, con- 

w stants on the order of five seconds minimum and 
approximately 40 seconds maximum have been 
needed. 

In order to dampen or retard the effects of 
temperature transients in refrigerant discharging 

T5 from the evaporator, it has been the practice in 
known valves to insulate the actuator rod with a 
jacket 4. This technique has not been entirely sat- 
isfactory for ensuring a desired action of the con- 
trols system; and, difficulties have been encoun- 

20 tered in providing the desired rate of response 
where time constants longer than ten seconds are 
needed with such insulation in a design which 
permits mass production of valves for passenger 
automobile air conditioning systems. It has thus 

25 been desired to provide a low cost, easy-to-manu- 
facture thermostatic refrigerant expansion valve 
which has an easily alterable speed of thermal 
response for achieving the desired action for con- 
trolling flow in a refrigeration system such as an 

30 automotive air conditioning system. 

SUMMARY OF THE INVENTION 

The present invention provides a unique and 

35 novel thermally responsive expansion valve particu- 
larly suitable for controlling flow of refrigerant fluid 
in a refrigeration or an air conditioning system, and 
has a valve body with an inlet, outlet, and valve 
member movable to control flow therebetween and 

40 a separate continuous passage through the valve 
body adapted for connection to receive thereth- 
rough flow of refrigerant discharging from the sys- 
tem evaporator for return to the compressor inlet. 
The valve member is moved by an actuator 

45 which includes a rod passing through the return 
passage with a hollow formed in the rod. The distal 
end of the rod is connected to a pressure respon- 
sive diaphragm which is exposed to fluid pressure 
in a fluid filled chamber external to the valve body. 

so The hollow in the rod is in fluid communication with 
the fluid in the chamber. The actuator rod is in 
thermally conductive or heat transfer relationship 
with the refrigerant return flow through the contig- 
uous passage. The fluid in the rod responds to 

55 changes in the temperature of the refrigerant flow 
in the return passage to effect changes in. the 
pressure of the fluid in the fluid filled chamber; 
and, the pressure of the fluid in the chamber acts 
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on a diaphragm operatively connected to effect 
movement of the valve actuator rod. 

Flow restricting means comprising in one em- 
. bodiment a hollow tubular member defining a me- 
tering orifice and in other embodiments a plug 
defining a metering orifice, and in one embodiment 
a porous plug is provided in the hollow portion of 
the actuator rod to retard the flow of fluid through 
the chamber having fluid acting on the diaphragm. 
The metering orifice functions to slow the fluid flow 
to the fluid filled chamber and thus slows pressure 
changes therein and prevents the vaJve from re- 
sponding to transient changes in the temperature 
:-of the refrigerant discharging from the evaporator. 

In another aspect of the invention, the present 
invention provides for improved ease of manufac- 
ture and facilitating of sealing of the pressure re- 
sponsive diaphragm and actuator rod and incor- 
porates the metering orifice in a plug or tubular 
member which is secured and sealed with the 
diaphragm and actuator, preferably by common 
weldment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section of a refrigerant expan- 
sion valve of the block type embodying the 

"'. principles of the present invention; 
FIG. 2 is an enlarged view of a portion of FIG. 1 
illustrating an alternate embodiment; 
FIG. 3 is an enlarged view of a portion of FIG. 1 
showing another embodiment of the invention; 

. FIG. 4 is a view similar to FIG. 3, showing 
another embodiment of the present invention; 
FIG. 5 is a view similar to FIG. 3, showing still 
another embodiment of the present invention; 
FIG. 6 is a quarter-section perspective view of a 
portion of the valve of FIG. 1 , showing another • 
embodiment of the invention employing a hollow 
tubular member forming the rhetering orifice; 
and, 

FIG. 7 is a view similar to FIG. 6, illustrating the 
prior art. 

In the typical refrigerant-charged device, some 
V condensed refrigerant is retained in the hollow end 
by means of a screen or spiral spring 5 installed in 
the open end of the hollow. In an absorption-charge 
device, the screen is used to retain the absorbant 
material in the hollow. 

DETAILED DESCRIPTION 

Referring to FIG. 1, the valve assembly is 
indicated generally at 10 and has a valve body 12 

. with an outlet passage 1 4 shown as having a 
conduit in the form of tube 16 connected thereto 

.by means of a flange 18 formed on the tube and 
compressing a seal 20. Conduit 16 is adapted for 



connection to provide reduced pressure flow to the 
refrigerant evaporator. The outet passage 14 com- 
municates with a bore 15 which communicates with 
valve seat 22. A movable valve member 24 is 

5 associated therewith and typically has the form of a 
sphere. The valve seat and passage 15 commu- 
nicate with an inlet chamber J:6 formed by a bore 
28 in the end of valve body 12, which bore is 
closed by a plug 30 threadedly engaging the body. 

w The plug has a hollow 32 formed therein which has 
received therein a spring 34 having a cap 36 regis- 
tered on the upper end thereof, which cap bears 
against the valve member 24 biasing the valve 
member to the closed position against valve seat 

is 22. 

The valving chamber 26 also communicates 
with an inlet passage 38 by intersection; and, pas- 
sage 38 which has a conduit 40 received therein 
preferably with a flange 42 formed thereon which 

20 bears against a seal 44 for effecting sealing thereof 
in the inlet passage 38. Conduit 16 is adapted for 
connection to provide reduced pressure flow to the 
refrigerant evaporator. Inlet conduit 40 is adapted 
for connection to receive relatively high pressure 

25 refrigerant from the outlet of a refrigerant con- 
denser. 

It will be understood that the plug 30 is rotated 
to compress spring 34 to provide the desired pre- 
load on the spherical valve member 24 during 

30 calibration of the valve; and, the threads may then 
be sealed by any convenient technique as, for 
example, an anerobic sealant. 

A separate through passage 46 is formed in 
the valve body 12 and has attached at one end 

as thereof a tube or conduit 48 which has a flange 50 
formed therearound, which flange is compressed 
against a seal 52 for sealing the tube in the pas- 
sage 46. The tube 48 is adapted for connection to 
the inlet of a refrigerant system compressor for 

40 receiving therein the superheated vaporized refrig- 
erant discharging from the evaporator. The op- 
posite end of passage 46 has a tubing or conduit 
54 received therein with a flange 56 provided 
thereon which flange compresses a seal 58 pro- 

45 vided about the end of passage 46. Conduit 54 is 
adapted for connection to the suction inlet dis- 
charge side port of a refrigerant evaporator. The 
conduits 54,16, are retained on thevalve body by a 
retainer 60 which is suitably configured to bear 

so against the flanges 56,18 and is retained 
thereagainst by a suitable fastening means such as 
a screw 62 threadedly engaging the valve body 1 2. 
Similarly, conduits 48,40 are retained positioned 
and secured in place by a retainer 64 which is 

55 suitably configured out to bear against the flanges 
50;42 and is retained thereagainst by a suitable 
fastener, such as screw 66 which threadedly en- 
gages valve body 12. 
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A thermally-responsive actuator means indicat- 
ed generally at 68 has a concave annular lower 
shell portion 70 secured to the valve body 12. In 
the embodiment of FIG. 1 shell 70 is secured by a 
rolled-over flange 72 formed of the body material. 
An - annular thin flexible diaphragm, preferably 
formed of metallic material is sealed about the 
periphery of the lower shell 70 and intermediate 
the periphery of an upper shell or cover 76. The 
upper and lower shells and the diaphragm are 
sealed and secured together by a suitable weld- 
ment such as, for example, laser welding, resis- 
tance welding, or brazing. 

Diaphragm 74 has attached thereto an actuator 
rod means indicated generally at 78 which includes 
a hollow tubular member slidably received in a 
bore 82 provided in the block 12, which bore 82 
extends upwardly and opens into the interior of 
shell 70 and below the diaphragm 74. Bore 82 
extends downwardly to intersect a passage 84 of 
smaller cross-section which communicates with the 
inlet passage 14 and which has a pin 86 received 
for sliding movement therein. Pin 86 is operative 
upon downward movement of the tubular member 
80 to contact and move ball 24 from its seat. 

The interior hollow 88 of rod 80 communicates 
with the interior 90 of shell 76 above diaphragm 74 
via a flow-restricting means indicated generally at 
92. As is known in the art, the chamber 90 and the 
interior hollow 88 of the rod 80 are charged with 
pressurized fluid as, for example, a combination of 
liquid and vaporized refrigerant or silicone oil. 
Changes in the temperature of the refrigerant flow 
through passage 46 cause increases or decreases 
in the pressure of the fluid in the hollow 88 of rod 
80 and thus changes in the pressure in chamber 
90, which as on diaphragm 74. 

In the embodiment of FIG. 1 , the flow restrict- 
ing means 92 comprises a metering orifice 94 
formed in a plug 96 which is secured through an 
aperture 98 through diaphragm 74. In the presently 
preferred practice, orifice 94 is sized at 0.005 - 
0.010 inches (0.13 - 2.5 mm) for a valve construc- 
tion-having a ratio of the volume of chamber 90 to 
the volume of hollow 88 of about 4:1, when the 
diaphragm is in its "neutral plane" and the charge 
pressure is in the range of four atmospheres.. 

The plug is sealed and secured to the end of 
actuator rod 80 by any suitable expedient such as 
weldment. An annular backing plate 99 is provided 
around the aperture 98 on the undersurface of 
diaphragm 74; and, a washer 97 is provided on the 
upper surface of the diaphragm 74. The plug 96 
has a portion extending upwardly through plate 99, 
diaphragm aperture 98, and a washer 97 to facili- 
tate sealing and securement thereof. In thepresen- 
tly preferred practise the sealing and securement 
of the plug 96 with the diaphragm 74, plate 99, and 



washer 97 is accomplished by common weldm.jnt 
as, for example, laser, resistance or electron be m 
welding. However, it will be understood that >he 
weldment may be accomplished with a suitable 

5 filler material as, for example, a brazing or welding 
filler material. Plug 96 has a flange or enlarged 
diameter portion 95 which forms a shoulder wh ch 
is registered against the undersurface of plate 99. 
Referring to FIG. 2, an alternate embodiment is 

w shown for the restrictor plug 95* and its attachment 
to rod 80. In the embodiment of FIG. 2, the plug 95 
is assembled to the diaphragm backing plates and 
diaphragm identically as in FIG. 1; however, plug 
95* has a pilot portion 100 extending downwardly . 

75 into the hollow interior 88 of rod 80 to provide 
location and aid in the weldment thereto. 

Referring to FIG. 3, another embodiment on the 
construction of the hollow actuator rod 80* is 
shown, wherein the diaphragm lower backing plate 

20 99* is received on a shoulder 102 formed on the 
top of the rod 80'. In the embodiment of FIG. 3, the 
restrictor. plug 104 is received in the interior hollow 
88' of the actuator rod 80* and plug 104 is secured 
therein commonly by the weldment of the backing 

25 plates 99* ,97*. and diaphragm 74 over the reduced 
diameter portion 106 of the actuator rod 80*. 

Referring to FIG. 4, another embodiment of the 
actuator rod/diaphragm assembly is shown wherein 
the rod 108 is formed integrally with the lower 

30 diaphragm backing plate 110; as, for example, by a 
deep drawing process. The diaphragm has an up- 
per backing ring 1 12, which secures the diaphragm 
to the lower backing plate upon common weldment 
thereto. In the FIG. 4 embodiment, the restrictor 

35 comprises a porous plug, as for example, a pow- 
dered metal plug, is secured in the interior hollow 
116 of the rod 108. 

Referring to FIG. 5. another embodiment of the 
invention similar to the embodiment of FIG. 4 is 

40 shown, wherein the actuator rod 108* is formed 
separately from the lower backing plate 1 10' and is 
secured thereto by weldment. In the embodiment 
of FIG. 5, the restrictor orifice 118 is formed in the 
lower diaphragm backing plate, which is secured, 

45 to the plate by a ring 112', in a manner similar to 
the embodiment of FIG. 4. 

Referring to FIG. 6, another embodiment of the 
invention is illustrated in which the tower shell 170 
has integrally formed therewith a threaded collar 

50 171 which is adapted to be threadedly engaged to 
the valve body. The diaphragm 174 is secured 
between the peripheral region of the lower shell 
170; and, the cover 176 and the outer edge of the 
cover are secured to the periphery of the lower 

55 shell 170 by suitable weldment similar to the con- 
struction of the embodiment of FIG. 1. The dia- 
phragm has received, through an aperture in the 
center thereof, a deep drawn cup portion 200 which 
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is integrally formed in the central region of a lower- 
backing plate 199; and, the lower end of the hollow 
central portion 200 is closed to form the interior 
hollow region 188. The upper diaphragm backing 
plate 197 in the embodiment of FIG. 6 also has a s 
deep drawn central cup portion 201 which closely 
interfits the interior of the hollow 188 and which has 
the restriction orifice 194 formed in the lower end 
thereof. The upper diaphragm backing plate 197 
and the lower plate 199 are secured and sealed to io 
the diaphragm by a common weldment thereth- 
rough. A shroud or guide bushing 202 is received 
over the outer surface of the drawn cup portion 
200, and the shroud 202 is sized to guide the cup 
200 for movement in the valve body. is 

The present invention thus provides a unique 
construction for a thermally responsive refrigerant 
expansion valve in which the temperature sensing 
is accomplished by a hollow thermally conductive 
actuating rod for the valve which passes through 20 
the refrigerant return passage to the compressor. 
The hollow rod communicates with the fluid pres- 
sure chamber acting upon the power diaphragm. 
The communication between the two chambers is 
via a restricting orifice which is effective to dampen 25 
the effects of thermal transients in the system to 
substantially eliminate response of the valve to 
such transients. The restricting orifice is provided 
in different embodiments by providing a plug at the 
upper end of the hollow valve actuating rod and 30 
various constructions are described for commonly 
securing the rod and plug to the collar diaphragm 
by common weldment. In other embodiments, the 
hollow actuatingrod is formed by a deep drawn cup 
which may be welded to or formed integrally with 35 
the lower diaphragm backing plate. 
. -' Although the invention has hereinabove been 
described with respect to the illustrated embodi- 
ments, it will be understood that the valve is ca- 
pable of modification and variation, and the inven- 40 
tion is limited only by the scope of the following 
claims. 

Claims 

AS 

1. A thermally responsive expansion valve for re- 
frigerant system comprising: 

(a) body means (12) defining an inlet (38) 
and outlet (14) and having a valve member 

(24) movable in said body means for con- so 
trolling flow between said inlet and outlet; 

(b) said body means defining a continuous 
flow passage (46) therethrough; 

(c) actuator means including a hollow mem- 
ber (80) disposed in heat exchange relation- 55 
ship with flow in said continuous flow pas- 
sage; said hollow member filled thermally 
active fluid, the pressure of which changes 



with temperature; 

(d) pressure responsive means including a 
chamber (90) filled with said fluid and oper- 
ative in response to changes in pressure of 
said fluid to effect movement of said ac- 
tuator means; and, 

(e) flow restriction means (92) operable to 
retard fluid communication between said 
hollow member and said fluid filled cham- 
ber, wherein the thermal response of said 
valve is altered by said flow restricting 
means. 

Z The valve defined in claim 1 , wherein said 
restriction means comprises a metering orifice 
(94) in said hollow member. 

3. The valve defined in claim 1, wherein said 
restriction means comprises a porous plug 
(114). 

4. The valve defined in claim 1, wherein said 
actuator means includes a thin flexible annular 
diaphragm (114) sealed between two annular 
members, with a member defining a restricting 
orifice received through said annular members 
and said diaphragm and the assembly thereof 
secured and sealed. 

5. The expansion valve defined in claim 1, 
wherein said restriction means includes a plug 
having a metering orifice therein, said plug 
attached to one end of said hollow member. 

6. The valve defined in claim 1 , wherein said fluid 
includes a mixture of gas and liquid and said 
restriction means includes a metering orifice. 

7. The expansion valve defined in claim 1, 
wherein said hollow member comprises a tube 
closed at one end and said restriction means 
comprises a plug (100,104) having a metering 
orifice (94') therein said plug received in the 
end of said tube opposite said closed end. 

8. The expansion valve defined in claim 1, 
wherein said actuator member comprises a 
tubular member closed at one end; and, said 
restriction means comprises a plug having a 
metering orifice therein, said plug having at 
least a portion thereof received in the end of 
said tubular member opposite said closed end 
and sealed therein. 

9. the expansion valve defined in claim 1, 
wherein said pressure responsive means com- 
prises a diaphragm formed of metallic material 
and said pressure responsive means, said hol- 
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low member and said restriction means are 
sealed and secured by weldment. 

10. The expansion valve defined in claim 1, 
wherein said flow restricting means includes a 5 
.tubular member having a portion thereof re- 
ceived in said hollow member, said tubular 
member having a metering orifice formed in 

one end thereof. 

70 

11. the expansion valve defined in claim 1, 
wherein said flow restricting means includes a 

1 tubular member having a smaller diameter por- 
tion thereof received in said hollow member 
. and having a metering orifice formed in one is 

end thereof; and, said tubular member has a 
;.. larger diameter portion thereof extending into 
said fluid filled chamber with said larger diam- 
; eter portion secured to said pressure respon- 
sive means. 20 

12. A method of fabricating a thermally responsive 
expansion valve comprising: 

(a) providing a valve block with a continuous 
passage for thermally conductive fluid flow 25 
therethrough; 

(b) providing a pressure-responsive dia- 
phragm having a fluid charged cavity on 
one side thereof; 

(c) disposing a hollow valve actuator mem- 30 
ber in said continuous passage; and, 

(d) providing a restrictor member having a 
metering orifice therethrough and commonly 
effecting sealing, retention, and location of 

said restrictor member, said diaphragm, and 35 
said actuator members. 

13. The method defined in claim 12, wherein the 
step of commonly effecting sealing, retention, 

and location includes the steps of clamping 40 
and securing by weldment. 

14. The method defined in claim 12, wherein the 
step of commonly effecting sealing, retention, 

and location includes the step of clamping and 45 
securing by brazing. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to expansion valves 
of the type employed for controlling now of refrigerant 
fluid in air conditioning and refrigeration systems. Typi- 
cally, in air conditioning systems, such as those em- 
ployed for automobile passenger compartment cooling 
an expansion valve throttles the flow of pressurized liq- 
uid refrigerant at relatively high pressures from the con- 
denser to provide relatively low pressure flow to an 
evaporator and return therefrom to the compressor In 
particular, expansion valves employed for controlling 
flow of liquid refrigerant to an evaporator in an automo- 
tive air conditioning system are of the type known as a 
"block" valve, wherein the valve body or block has a sep- 
arate return flow passage therethrough in which vapor- 
ized refrigerant discharged from the evaporator passes 
to permit temperature and pressure thermal sensing 
thereof for control purposes. 

It is known, for example to provide an actuator rod 
for moving the expansion valve and to expose the rod 
to the refrigerant flowing in the return passage to the 
compressor for heat transfer therebetween. It is also 
known to employ the heat transfer through the rod to 
provide a temperature signal which in turn operates a 
pressure-responsive means connected to the actuator 
rod for controlling the function of the expansion valve 
inresponse to changes in the temperature of the refrig- 
erant discharging from the evaporator. It is also known 
to provide a fluid filled chamber having pressurized fluid 
therein which acts upon a diaphragm as the pressure- 
responsive means to move the valve actuator rod con- 
trol member, and, to having a portion of the rod filled 
with the pressurized fluid to thereby be in heat transfer 
relationship with the refrigerant flowing through the re- 
turn passage to the compressor inlet. 

It is known -see Fig. 7- to provide a refrigerant ex- 
pansion valve which has a hollow tubular member 1 at- 
tached to a diaphragm 2 sensing the pressure in the fluid 
filled chamber formed by a capsule 3 above the dia- 
phragm with the hollow actuator rod extending through 
the compressor return passage and adapted for moving 
the control valve member. In valve constructions of this 
latter type, the hollow actuator rod may experience sud- 
den changes in the refrigerant temperature being 
sensed, which results in a prompt change in the pres- 
sure in the fluid filled chamber which acts upon the dia- 
phragm. Sudden changes in pressure in the fluid filled 
chamber create a corresponding change in the flow of 
the control valve, which can result in overcontrol or un- 
desirable oscillations in refrigerant flow in the evapora- 
tor. There transients can result from engine speed 
changes, brief changes in condenser or evaporator fan 
speeds accumulated oil cascading in the evaporator or 
other causes. 

The time constant for this sensed temperature 



change, and resulting pressure change, is typically on 
the order of two seconds to achieve 63% of the eventual 
change or asymptotic limit. However in some systems, 
it has been found necessary to provide a longer time 

5 constant to prevent the sysiem from responding to such 
transients. In systems requiring an extended-time re- 
sponse period, constants < n the order of five seconds 
minimum and approximat aly 40 seconds maximum 
have been needed • 

10 In order to dampen or -etard the effects of temper- 
ature transients in refrigerant discharging from the evap- 
orator, it has been the practice in known valves to insu- 
late the actuator rod with a jacket 4. This technique has 
not been entirely satisfactory for ensuring a desired ac- 

1S tion of the controls system; and, difficulties have been 
encountered in providing the desired rate of response 
where time constants longer than ten seconds are need- 
ed with such insulation in a design which permits mass 
production of valves for passenger automobile air con- 

20 ditioning systems. It has thus been desired to provide a 
low cost, easy-to-manufacture thermostatic refrigerant 
expansion valve which has an easily alterable speed of 
thermal response for achieving the desired action for 
controlling flow in a refrigeration svstem such as an au- 

25 tomotive air conditioning system. 

Also, flow restriction means in the fluid communica- 
tion between the hollow member and the fluid filled 
chamber are known (FR-A-2 100 500). 

30 SUMMARY OF THE INVENTION 

The present invention provides, as set forth in claim 
1 , a unique and novel thermally responsive expansion 
valve particularly suitable for controlling flow of refriger- 

35 ant fluid in a refrigeration or an air conditioning system. 
Preferred embodiments of the invention are disclosed 
in the dependent claims. 

The valve member is moved by an actuator which 
includes a rod passing through the return passage with 

40 a hollow formed in the rod. The distal end of the rod is 
connected to a pressure responsive diaphragm which 
is exposed to fluid pressure in a fluid filled chamber ex- 
ternal to the valve body. The hollow in the rod is in fluid 
communication with the fluid in the chamber. The actu- 

45 ator rod is in thermally conductive or heat transfer rela- 
tionship with the refrigerant return flow through the con- 
tiguous passage. The fluid in the rod responds to chang- 
es in the temperature of the refrigerant flow in the return 
passage to effect changes in the pressure of the fluid in 

50 the fluid filled chamber; and, the pressure of the fluid in 
the chamber acts on a diaphragm operatively connected 
to effect movement of the valve actuator rod. 

Flow restricting means comprises a hollow tubular 
member defining a metering orifice which functions to 

55 slow the fluid fiow to the fluid filled chamber and thus 
slows pressure changes therein and prevents the valve 
from responding to transient changes in the temperature 
of the refrigerant discharging from the evaporator. 
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The present invention provides for improved ease 
of manufacture and facilitating of sealing of the pressure 
responsive diaphragm and actuator rod and incorpo- 
rates the metering orifice in a tubular member which is 
secured and sealed with the diaphragm and actuator, 
preferably by common weldment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section of a refrigerant expansion 
valve of the block type; 

FIG. 2 is an enlarged view of a portion of FIG. 1 
v. illustrating an embodiment of the invention; 

FiG. 3 is an enlarged view of a portion of FIG. 1 
showing an embodiment which is not covered by 
the invention; 

: FIG. 4 is a view similar to FIG. 3, showing another 
embodiment outside of the invention; 
FIG. 5 is a view simitar to FIG. 3, showing still an- 
other embodiment not forming part of the invention; 
Fl G. 6 is a quarter-section perspective view of a por- 
tion of the valve of FIG. 1 , showing another embod- 
iment of the invention employing a hollow tubular 
.7 member forming the metering orifice; and, 

FIG. 7 is a view similar to FIG. 6, illustrating the prior 
art. 

In the typical refrigerant-charged device, some con- 
densed refrigerant is retained in the hollow end by 
means of a screen or spiral spring 5 installed in the open 
end of the hollow. In an absorption-charge device, the 
screen is used to retain the absorbant material in the 
hollow. 

DETAILED DESCRIPTION 

. Referring to FIG. 1 , the valve assembly is indicated 
generally at 10 and has a valve body 12 with an outlet 
passage 14 shown as having a conduit in the form of 
tube 16 connected thereto by means of a flange 18 
formed on the tube and compressing a seal 20. Conduit 
16 is adapted for connection to provide reduced pres- 
sure flow to the refrigerant evaporator. The outlet pas- 
sage 1 4 communicates with a bore 1 5 which communi- 
; cates with valve seat 22. A movable valve member 24 
is associated therewith and typically has the form of a 
sphere. The valve seat and passage 15 communicate 
with an inlet chamber 26 formed by a bore 28 in the end 
of valve body 12, which bore is closed by a plug 30 
. threadedly engaging the body. The plug has a hollow 32 
; formed therein which has received therein a spring 34 
having a cap 36 registered on the ''upper end thereof, 
which cap bears against the valve member 24 biasing 
the valve member to the closed position against valve 
seat 22. 

The valving chamber 26 also communicates with an 
inlet passage 38 by intersection; and, passage 38 which 
has a conduit 40 received therein preferably with a 



flange 42 formed thereon which bears against a seal 44 
for effecting sealing thereof in the inlet passage 38. Con- 
duit 16 is adapted for connection to provide reduced 
pressure flow to the refrigerant evaporator. Inlet conduit 
s 40 is adapted for connection to receive relatively high 
pressure refrigerant from the outlet of a ref igerant con : 
denser. 

It will be understood that the plug 30 is rotated to 
compress spring 34 to provide the deciretf pre-load on 
10 the spherical valve member 24 during calibration of the 
valve; and, the threads may then be sealed by any con- 
venient technique as, for example, an anerobic sealant. 

A separate through passage 46 is formed in the 
valve body 12 and has attached at one end thereof a 
*5 tube or conduit 48 which has a flange 50 formed there- 
around, which flange is compressed against a seal 52 
for sealing the tube in the passage 46. The tube 48 is 
adapted for connection to the inlet of a refrigerant sys- 
tem compressor for receiving therein the superheated 
20 vaporized refrigerant discharging from the evaporator. 
The opposite end of passage 46 has a tubing or conduit 
54 received therein with a flange 56 provided thereon 
which flange compresses a seal 58 provided about the 
end of passage 46. Conduit 54 is adapted for connection 
2s to the suction inlet discharge side port of a refrigerant 
evaporator. The conduits 54,16, are retained on the 
valve body by a retainer 60 which is suitably configured 
to bear against the flanges 56, 1 8 and is retained therea- 
gainst by a suitable fastening means such as a screw 
30 62 threadedly engaging the valve body 12. Similarly, 
conduits 48,40 are retained positioned and secured in 
place by a retainer 64 which is suitably configured out 
to bear against the flanges 50,42 and is retained therea- 
gainst by a suitable fastener, such as screw 66 which 
35 threadedly engages valve body 12. 

A thermally-responsive actuator means indicated 
generally at 68 has a concave annular lower shell por- 
tion 70 secured to the valve body 12. In FIG. 1 shell 70 
is secured by a rolled-over flange 72 formed of the body 
40 material. An annular thin flexible diaphragm 74, prefer- , 
ably formed of metallic material is sealed about the pe- 
riphery of the lower shell 70 and intermediate the pe- 
riphery of an upper shell or cover 76. The upper and 
lower shells and the diaphragm are sealed and secured 
45 together by a suitable weldment such as, for example, 
laser welding, resistance welding, or brazing. 

Diaphragm 74 has attached thereto an actuator rod 
means indicated generally at 78 which includes a hollow 
tubular member slidably received in a bore 82 provided 
so in the block 12, which bore 82 extends upwardly arid 
opens into the interior of shell 70 and below the dia- 
phragm 74. Bore 82 extends downwardly to intersect a 
passage 84 of smaller cross-section which communi- 
cates with the inlet passage 1 4 and which has a pin 
55 86received for sliding movement therein. Pin 86 is op- 
erative upon downward movement of the tubular mem- 
ber 80 to contact and move ball 24 from its seat. 

The interior hollow 88 of rod 80 communicates with 
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the interior 90 of shell 76 above diaphragm 74 via a flow- 
restricting means indicated generally at 92. As is known 
in the art, the chamber 90 and the interior hollow 88 of 
the rod 80 are charged with pressurized fluid as, for ex- 
ample, a combination of liquid and vaporized refrigerant 
or silicone oil. Changes in the temperature of the refrig- 
erant flow through passage 46 cause increases or de- 
creases in the pressure of the fluid in the hollow 88 of 
rod 80 and thus changes in the pressure in chamber 90, 
which as on diaphragm 74. 

In FIG. 1, the flow restricting means 92 comprises 
a metering orifice 94 formed in a plug 96 which is se- 
cured through an aperture 98 through diaphragm 74. In 
the presently preferred practice, orifice 94 is sized at 
0.005 - 0.010 inches (0.13 - 2.5 mm) for a valve con- 
struction having a ratio of the volume of chamber 90 to 
the volume of hollow 88 of about 4:1, when the dia- 
phragm is in its "neutral plane" and the charge pressure 
is in the range of four atmospheres.. 

The plug is sealed and secured to the end of actu- 
ator rod 80 by any suitable expedient such as weldment. 
An annular backing plate 99 is provided around the ap- 
erture 98 on the undersurface of diaphragm 74; and, a 
washer 97 is provided on the upper surface of the dia- 
phragm 74. The plug 96 has a portion extending up- 
wardly through plate 99, diaphragm aperture 98, and a 
washer 97 to facilitate sealing and securement thereof. 
In the presently preferred practise the sealing and se- 
curement of the plug 96 with the diaphragm 74, plate 
99, and washer 97 is accomplished by common weld- 
ment as, for example, laser, resistance or electron beam 
welding. However, it will be understood that the weld- 
ment may be accomplished with a suitable filler material 
as, for example, a brazing or welding filler material. Plug 
96 has a flange or enlarged diameter portion 95 which 
forms a shoulder which is registered against the under- 
surface of plate 99. 

Referring to FIG. 2, an embodiment of the invention 
is shown for the restrictor plug 95* and its attachment to 
rod 80. In the embodiment of FIG. 2, the plug 95 is as- 
sembled to the diaphragm backing plates and dia- 
phragm identically as in FIG. 1 ; however, plug 95' has a 
pilot portion 100 extending downwardly into the hollow 
interior 88 of rod 80 to provide location and aid in the 
weldment thereto. 

Referring to FIG. 3, another construction of the hol- 
low actuator rod 80* is shown, wherein the diaphragm 
lower backing plate 99" is received on a shoulder 102 
formed on the top of the rod 80'. In FIG. 3, the restrictor 
plug 104 is received in the interior hollow 88* of the ac- 
tuator rod 80' and plug 104 is secured therein commonly 
by the weldment of the backing plates 99\97\ and dia- 
phragm 74 over the reduced diameter portion 1 06 of the 
actuator rod 80'. 

Referring to FIG. 4, another actuator rod/diaphragm 
assembly is shown wherein the rod 108 is formed inte- 
grally with the lower diaphragm backing plate 110; as, 
for example, by a deep drawing process. The diaphragm 



has an upper backing ring 112, which secures the dia- 
phragm to the lower backing plate upon common weld- 
ment thereto. In FIG. 4, the restrictor comprises a po- 
rous plug, as for example, a powdered metal plug, is 

s secured in the interior hollow 116 of the rod 108. 

Referring to FIG. 5, another embodiment similar to 
the embodiment of FIG. 4 is shown, wherein the actuator 
rod 108' is formed separately from the tower backing 
plate 110' and is secured thereto by weldment. In FIG. 

io 5, the restrictor orifice 118 is formed in the lower dia- 
phragm backing plate, which is secured, to the plate by 
a ring 112', in a manner similar to FIG. 4. 

Referring to FIG. 6, another embodiment of the in- 
vention is illustrated in which the lower shell 170 has 

is integrally formed therewith a threaded collar 171 which 
is adapted to be threadedly engaged to the valve body. 
The diaphragm 174 is secured between the peripheral 
region of the lower shell 1 70; and, the cover 1 76 and the 
outer edge of the cover are secured to the periphery of 

20 ihe lower shell 170 by suitable weldment similar to the 
construction of FIG. 1. The diaphragm has received, 
through an aperture in the center thereof, a deep drawn 
cup portion 200 which is integrally formed in the central 
region of a lowerbacking plate 199; and, the lower end 

2S of Ihe hollow central portion 200 is closed to form the 
interior hollow region 188. The upper diaphragm back- 
ing plate 197 in the embodiment of FIG. 6 also has a 
deep drawn central cup portion 201 which closely inter- 
fits the interior of the hollow 188 and which has the re- 

30 striction orifice 1 94 formed in the lower end thereof. The 
upper diaphragm backing plate 1 97 and the lower plate 
1 99 are secured and sealed to the diaphragm by a com- 
mon weldment therethrough. A shroud or guide bushing 
202 is received over the outer surface of the drawn cup 

3S portion 200, and the shroud 202 is sized to guide the 
cup 200 for movement in the valve body. 

The present invention thus provides a unique con- 
struction for a thermally responsive refrigerant expan- 
sion valve in which the temperature sensing is accom- 

40 plished by a hollow thermally conductive actuating rod 
for the valve which passes through the refrigerant return 
passage to the compressor. The hollow rod communi- 
cates with the fluid pressure chamber acting upon the 
power diaphragm. The communication between the two 

^5 chambers is via a restricting orifice which is effective to 
dampen the effects of thermal transients in the system 
to substantially eliminate response of the valve to such 
transients. 

so 

Claims 

1. A thermally responsive expansion valve for refrig- 
erant system comprising: 

55 

a) body means (12) defining an inlet (38) and 
outlet (14) and having a valve member (24) 
movable in said body means tor controlling flow 
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between said inlet and outlet; 

(b) said body means defining a continuous flow 
passage (46) therethrough; 

(c) actuator means (68) including a hollow 
member (80) disposed in heat exchange rela- s 
tionship with flow in said continuous flow pas- 
sage, said hollow member being filled with a 
thermally active fluid, the pressure of which 
changes with temperature; 

(d) pressure responsive means including a io 
chamber (90) filled with said fluid and operative 
in response to changes in pressure of said fluid 
to effect movement of said actuator means; 
and, 

(e) flow restriction means (92) including a tubu- '5 
lar member having a smaller diameter portion 
thereof received in said hollow member and 
having one end thereof forming a metering or- 
ifice (94), and a larger diameter portion thereof 
extending into said fluid filled chamber (90) with 20 
said larger diameter portion secured to and 
sealed about said pressure responsive means, 
said metering orifice being operable to retard 
fluid communication between said hollow mem- 
ber and said fluid filled chamber, wherein the 25 
thermal response of said valve is altered by 
said flow restricting means. 

2. The expansion valve definded in claim 1 , wherein 
said pressure responsive means comprises a dia- 30 
phragm formed of metallic material; and said dia- 
phragm, said hollow member, and said restriction 
means are sealed and secured by weldment. 

3. the valve definded in claim 1 , wherein said actuator 35 
means (68) includes a thin flexible annular dia- 
phragm (174) sealed betweeen two annular mem- 
bers, with the larger diameter portion of said tubular 
member comprising one of said annular members. 

40 

4. The expansion valve defined in claim 3, wherein 
said pressure responsive means comprises a dia- 
phragm formed of metallic material; and said dia- 
phragm, said hollow member, and said larger diam- 
eter portion of said tubular member are sealed and 
secured by common weldment. 

: 5. The valve defined in claim 1 , wherein said fluid in- 
cludes a mixture of gas and liquid. 

so 

Patentanspruche 

1 . Thermisch ansprechendes Expansionsventil fur ein 
KOhlsystem, wobei folgendes vorgesehen ist: ' 55 

a) Kdrpermittel (12), die einen EinlaG (38) und 
einen AuslaB (14) definieren und mit einem 



Ventilglied (24) bewegflch in den Korpermitteln 
zur Steuerung der Strdmung zwischen dem 
EinlaG und dem AuslaB; 

b) wobel die Kdrpermittel einen DurchlaB (46) 
fur eine kontinuierliche Stromung dahindurch 
definieren; 

c) Betatigermittel (68) einschlieBlich eines hoh- 
len Gliedes (80) angeordnet in Warmeaus- 
tauschbeziehung mit der Stromung in dem kon- 
tinuierlichen StrdmungsdurchtaB, wobei das 
hohte Glied mit eihem thermisch aktiven Strd- 
mungsmittel gefullt ist, dessen Druck sich mit 
der Temperatur andert; 

d) auf Druck ansprfechende Mittel einschlieBlich 
einer Kammer (90) get ullt mit dem Strom ungsmit- 
tel und betreibbar ansprechend auf Anderungen 
des Drucks in dem Stromungsmittel, urn die Be- 
wegung der Betatigermittel zu bewirken; und 

e) Stromungseinschrankmittel (92) einschlieBlich 
eines Rohrglieds mit einem einen kleineren 
Durchmesser besitzenden Teil davon aufgenom- 
men in dem hohlen Glied und mit einem Ende da- 
von eine ZumeBoffnung (94) bildend und mit ei- 
nem gr6Beren Durchmesserteil davon sich in die 
mit Stromungsmittel gefullte Kammer (90) er- 
streckend, wobei der einen groBeren Durchmes- 
ser besitzende Teil an den auf Druck ansprechen- 
den Mitteln befestigt und abgedichtet ist, wobei 
die ZumeBoffnung betatigbar ist, urn die Strd- 
mungsmittelverbindung zwischen dem hohlen 
Glied und der mit Stromungsmittel gefullten Kam- 
mer zu verzogem, wobei das thermische Anspre- 
chen des Ventils durch die Stromungseinschran- 
kungsmittel geandert wird 

2. Expansionsventil nach Anspruch 1 , wobei die auf 
Druck ansprechenden Mittel eine Membran gebil- 
det aus einem Metallmaterial aufweisen; und 
wobei die Membran, das hohle Glied und die Ein- 
schrankmittel abgedichtet und durch SchweiOen 
befestigt sind. 

3. Ventil nach Anspruch 1 . wobei die Betatigungsmit- 
tel (68) eine dunne flexible Ringmembran (174) auf- 
weisen, und zwar abgedichtet zwischen zwei ring- 
fdrmigen Gliedem. wobei der einen groBeren 
Durchmesser besitzende Teil des Rohrgliedes ei- 
nes der Ringglieder aufweist. 

4. Expansionsventil nach Anspruch 3, wobei die auf 
Druck ansprechenden Mittel eine Membran aufwei- 
sen gebjldet aus einem Metallmaterial, und wobei 
die Membran, das hohle Glied und der einen gro- 
Beren Durchmesser besitzende Teil des Rohrglieds 
abgedichet und durch eine gemeinsame Schwei- 
Bung befestigt sind. 

5. Ventil nach Anspruch 1 , wobei das Stromungsmittel 
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eine Mischung aus Gas und Flussigkeit aufweist. 



R 8 vend I cat Ions 

1. Soupape de detente repondant thermiquement 
pour systeme refrigerant comportant : 

(a) des moyens formant corps (12) definissant 
une entree (38) et une sortie (14) et ayant un 
element de soupape (24) mobile dans lesdits 
moyens formant corps pour commander recou- 
pment entre ladite entree et tadite sortie ; 

(b) lesdits moyens formant corps definissant un 
passage d'ecoulement conlinu (46) a travers 
eux ; 

(c) des moyens d'actionneur (68) comportant 
un element creux (80) agence en relation 
cfechange de chafe ur avec I'ecou lament exts- 
tant dans led it passage d'ecoulement continu, 
ledit element creux etant rempli d'un fluide actif 
thermiquement, dont la pression change avec 
la temperature ; 



3. Soupape selon la revendication 1, dans laquelle 
lesdits moyens d'actionneur (68) comportent un 
mince diaphragme annulaire souple (174) rendu 
etanche entre deux elements annulaires, la partie 

s a diametre plus grand dudit element tubulaire com- 
portant I'un desdits elements annulaires. 

4. Soupape de detente selon la revendication 3, dans 
laquelle lesdits moyens repondant a la pression 

10 comportent un diaphragme constitue d'un materiau 

1 metallique ; et 

\> ledit diaphragme, ledit element creux, et ladite par- 

■ tie a diametre plus grand dudit element tubulaire 

1 sont rendus etanches et fixes par une soudure com- 

15 mune. 

5. Soupape selon la revendication 1 , dans laquelle le- 
dit fiuide est constitue d'un melange de gaz et de 
liquids. 

20 



25 



(dj des moyens repondant a la pression com- 
portant une chambre (90) remplie dudit fluide 
et actifs en reponse a des changements de 
pression dudit fluide pour deplacer lesdits 30 
moyens d'actionneur ; et, 



(e) des moyens de restriction d'ecoulement 
(92) comportant un element tubulaire ayant une 
partie de celui-ci a diametre plus petit recue 35 
dans ledit element creux et ayant une premiere 
extremite de celle-ci formant un orifice de do- 
sage (94), et une partie de celui-ci a diametre 
plus grand s'etendant jusqu'a i'interieur de la- 
dite chambre remplie de fluide (90), ladite par- 40 
tie a diametre plus grand etant fixee sur lesdits 
moyens repondant a la pression et rendue 
etanche autour de ceux-ci, ledit orifice de do- 
sage pouvant fitre actionne pour retarder la 
communication de fluide entre ledit element 45 
creux et ladite chambre remplie de fluide, dans 
laquelle la reponse thermique de ladite soupa- 
pe est changee par lesdits moyens de restric- 
tion d'ecoulement, 

50 

2. Soupape de detente selon la revendication 1 , dans 
laquelle lesdits moyens repondant a la pression 
comportent un diaphragme constitue d'un materiau 
metallique ; et 

ledit diaphragme, ledit element creux, et lesdits ss 
moyens de restriction sont rendus etanches et fixes 
par une soudure. 
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